KEY POINTS
The Duke Activity Status Index is a better tool for assessing cardiopulmonary fi tness than subjective assessment, and it should be considered for use in guideline algorithms.
Aspirin should not be given perioperatively in patients undergoing vascular surgery other than carotid endarterectomy.
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin II receptor blockers (ARBs) are associated with intraoperative hypotension if given before surgery. Further study is needed to determined how best to manage ACE inhibitors and ARBs perioperatively.
In a study, dabigatran given to patients with myocardial injury after noncardiac surgery lowered the risk of major vascular complications, with no signifi cant increase in major bleeding. But the study had major limitations.
Postoperative atrial fi brillation is associated with outcomes similar to those of nonsurgical nonvalvular atrial fi brillation. Anticoagulation decreases its stroke and mortality risk. of functional capacity lacks strong evidence that it predicts adverse perioperative events.
The Duke Activity Status Index is another method: self-administered in a questionnaire, it consists of 12 questions, which have weighted values ( Table 1) . 3 In its derivation and validation studies, its results were found to correlate with peak oxygen uptake during exercise.
Cardiopulmonary exercise testing is a third option. It measures peak oxygen consumption and anaerobic threshold during exercise. It is probably the best objective measurement of functional capacity, but not necessarily for predicting postoperative cardiac complications, and it is performed relatively infrequently. In a multicenter, prospective cohort study, Wijeysundera et al 4 compared subjective functional capacity assessment, the Duke Activity Status Index, cardiopulmonary exercise testing, and the preoperative N-terminal pro-Btype natriuretic peptide (NT-proBNP) level in their ability to predict complications and death in 1,401 noncardiac surgery patients older than 40 with at least 1 cardiovascular risk factor. After surgery, patients had daily electrocardiograms and troponin measurements until postoperative day 3 or discharge.
The primary outcome was the 30-day incidence of death or myocardial infarction (MI). Additional outcomes included the 30-day incidence of death or myocardial injury after noncardiac surgery (MINS), the 1-year mortality rate, and moderate to severe in-hospital perioperative complications.
Findings. Two percent of patients died or had an MI within 30 days of surgery. 4 Subjective assessment had only a 19.2% sensitivity (95% confi dence interval [CI] 14.2-25) but a 94.7% specifi city (95% CI 93.2-95.9) for predicting inability to attain 4 metabolic equivalents during exercise. 4 A lower Duke Activity Status Index predicted the primary outcome of death or MI within 30 days (adjusted odds ratio [OR] 0.96, 95% CI 0.83-0.99, P = .03), and it was the only measure that did so. Additionally, the Duke index and NT-proBNP level predicted the risk of death or MINS within 30 days. 4 Only elevated NT-proBNP was associated with death at 1 year. 4 On exercise testing, low peak oxygen consumption was signifi cantly associated with perioperative complications.
Limitations. The number of primary outcome events (death and MI) was low, potentially affecting the statistical power of the study.
Conclusions. Subjective assessment of functional capacity misclassifi es too many patients as being at low risk of perioperative complications and should not be used for preoperative risk stratifi cation. Other tools, such as the Duke Activity Status Index and NT- 
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proBNP levels, are better predictors of adverse perioperative cardiovascular outcomes and should be considered for use in preoperative cardiac risk assessment. Although the Duke Activity Status Index is a better predictor of adverse outcomes than subjective functional capacity assessment, a specifi c perioperative threshold for risk classifi cation has not been established. Its correlate for metabolic equivalents should be considered for use in clinical practice at this point.
■ PERIOPERATIVE MEDICATION MANAGEMENT

Is perioperative aspirin benefi cial in patients undergoing vascular surgery?
The Perioperative Ischemic Evaluation 2 (POISE-2) trial, 5 a 2-by-2 factorial randomized controlled trial in which patients received perioperative aspirin, clonidine, both, or neither, demonstrated that perioperative aspirin did not reduce cardiovascular events and increased major bleeding. Patients with recently placed coronary stents and those undergoing carotid endarterectomy were excluded because aspirin is known to have a benefi cial effect in these patients. A subsequent substudy 6 found perioperative aspirin to be benefi cial in patients with coronary stents placed more than a year before noncardiac surgery. Whether perioperative aspirin is benefi cial in other subgroups was unknown. Biccard et al 7 investigated the effect of perioperative aspirin in the subgroup of patients from the POISE-2 trial who underwent vascular surgery. The primary outcome was death or MI within 30 days. Secondary outcomes in this substudy included vascular occlusive complications (amputation and peripheral arterial thrombosis) and major or life-threatening bleeding.
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Findings. In POISE-2, vascular surgery was performed in 603 patients-272 for occlusive disease, 265 for aneurysm, and 66 for both. The results were similar regardless of the type of surgery. Aspirin had little effect ( Table 2) . 7 Limitations. There were few adverse events, and this substudy was underpowered for the primary and secondary outcomes.
Conclusion. Starting or continuing aspirin did not improve outcomes, and withdrawing it did not increase cardiovascular or occlusive complications.
Do ACE inhibitors affect risk in noncardiac nonvascular surgery?
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin II receptor blockers (ARBs) are some of the most commonly used medications for treating hypertension. But whether patients should continue receiving them on the day of surgery or whether they should be held remains unclear. Although current recommendations are inconsistent, the most recent American College of Cardiology/American Heart Association 1 perioperative practice guidelines say that continuing ACE inhibitors or ARBs is reasonable perioperatively. This recommendation, however, acknowledges that published evidence is limited. There is general agreement that preoperative exposure to ACE inhibitors and ARBs is associated with intraoperative hypotension, but whether this increases the risk of adverse clinical outcomes remains unclear. Needed was a study to determine the effect on perioperative morbidity and mortality of continuing vs withholding ACE inhibitors and ARBs before surgery. Exclusion criteria included hypotension or hypertension at their preoperative clinic appointment (defi ned as systolic blood pressure < 90 or ≥ 160 mm Hg, and diastolic blood pressure < 60 or ≥ 95 mm Hg), moderate to severe heart failure, and end-stage renal disease requiring dialysis. Excluded surgery types were cardiac, vascular, organ transplant, oncologic, and all outpatient procedures. Patients taking ARBs were also excluded.
The primary outcome was intraoperative hypotension defi ned as any systolic blood pressure less than 80 mm Hg from the time of anesthesia induction until transfer to the postanesthesia care unit. Secondary outcomes were measured until hospital discharge and included postoperative acute kidney injury, postoperative hypotension (systolic pressure < 90 mm Hg) and hypertension (systolic pressure > 180 mm Hg), major cardiac events (composite of acute coronary syndrome, acute heart failure, or new-onset arrhythmia), and death.
Findings. A total of 453 patients were screened for eligibility, and of these, 291 were included for randomization. Their average age was 64, 48% were men, and 87% were white. About 50% underwent general anesthesia, 25% spinal, and 25% regional. Over half of the surgeries were orthopedic, and 20% were spine surgeries.
The primary outcome of intraoperative hypotension occurred signifi cantly less often in patients randomized to ACE inhibitor omission than in the continuation group (55% vs 69%, relative risk [RR] 0.81, 95% CI 0.67-0.97, P = .03). This translates to 1 case of intraoperative hypotension for every 7.5 patients continuing an ACE inhibitor perioperatively (number needed to harm 7.5). Intraoperative hypotension associated with vasopressor administration also occurred signifi cantly less frequently in the ACE inhibitor omission group.
Patients in the ACE inhibitor omission group were also less likely to experience postoperative hypotension, but on the other hand, they were more likely to experience severe postoperative hypertension (defi ned as any systolic blood pressure > 180 mm Hg). The two groups fared the same in terms of rates of acute kidney injury and major adverse cardiac events (MACE) and hospital length of stay, and no patients died in either group.
Limitations. Several factors limit the generalizability of this single-center study, including the many exclusion criteria, the predominance of orthopedic and spine surgeries, and the low-risk patient population (the average Revised Cardiac Risk Index score was 0, range 0-3). Other limitations include not controlling for the specifi c ACE inhibitor used and not including the precise timing of the fi nal dose in relation to surgery. Lastly, this study lacked power to measure postoperative outcomes.
Conclusions. Continuing ACE inhibitor treatment before noncardiac nonvascular surgery is associated with a greater frequency and duration of intraoperative hypotension, but it did not increase the incidences of acute kidney injury, MACE, or death nor the hospital length of stay. Hollmann et al 9 performed a meta-analysis to determine whether it is better to continue or withhold ACE inhibitors and ARBs before surgery. The patients were adults undergoing noncardiac surgery and receiving an ACE inhibitor or ARB, which was either withheld or continued on the morning of surgery.
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Primary outcomes were all-cause mortality and MACE, while secondary outcomes included the incidence of acute kidney injury, heart failure, stroke, intraoperative and postoperative hypotension, and length of hospital stay. Randomized controlled trials and observational studies were included, while case reports and case-control studies were excluded.
Findings. This meta-analysis included 5 randomized controlled trials and 4 cohort studies, with a total of 6,022 patients; 1,816 had their ACE inhibitor or ARB withheld before surgery, while 4,206 continued therapy. It found no difference between the 2 groups in the incidence of death or MACE, and there were not enough data to determine a difference in heart failure, stroke, acute kidney injury, or hospital length of stay.
Seven studies, with 5,414 patients, examined intraoperative hypotension. The overall incidence was 30%, but was signifi cantly lower if the ACE inhibitor or ARB was withheld (OR 0.63, 95% CI 0.47-0.85, P = .002). Findings were similar in an analysis of only the randomized controlled trials. No difference was observed in postoperative hypotension.
Limitations. There was no standard definition of the morbidity outcomes, including hypotension and MACE. The assessment of MACE included data only for MI and not MINS. The specifi c duration of hypotension was not reported, and this meta-analysis did not take into account different anesthetic techniques. The duration of follow-up varied widely among studies, ranging from the day of hospital discharge to 30 days after surgery. And the randomized controlled trial performed by Shiffermiller et al 8 was not included.
Conclusions. While continuing ACE in-hibitors or ARBs before noncardiac surgery was associated with intraoperative hypotension, it did not seem to affect other outcomes, including death and MACE. The authors propose that a large randomized controlled trial is needed to determine whether continuing or withholding ACE inhibitor or ARB therapy before surgery is safer.
■ POSTOPERATIVE CARDIAC COMPLICATIONS
How should we treat MINS?
MINS is associated with an increased risk of cardiovascular events and death in both the short term and long term. MINS is defi ned as an elevated postoperative troponin level related to an ischemic etiology. However, whether to routinely measure troponin after surgery is unclear, as most patients do not present with ischemic symptoms, and there is no standard of care for treatment of this entity. Limited observational data suggest that starting or intensifying cardiac medications, particularly aspirin and statins, may be benefi cial in terms of reducing 30-day mortality rates in patients with MI or cardiac events at 1 year in vascular surgery patients with MINS. The Management of Myocardial Injury After Noncardiac Surgery (MANAGE) trial was designed to evaluate the potential of the anticoagulant dabigatran to prevent major vascular complications in patients with MINS. Devereaux et al 10 randomized patients who were at least 45 years old and had developed MINS within the previous 35 days to receive dabigatran 110 mg orally twice daily or placebo for up to 2 years. Patients not already taking a proton pump inhibitor were also randomized to take either omeprazole 20 mg once daily or placebo.
The primary effi cacy outcome initially was major vascular complications, which included vascular mortality, nonfatal MI, nonhemorrhagic stroke, and peripheral arterial thrombosis. However, amputation and symptomatic venous thromboembolism were subsequently added during the study.
Dabigatran lowered the risk of major vascular complications in patients with MINS, with no signifi cant increase in major bleeding
Substantially fewer patients with postoperative atrial fi brillation receive anticoagulation
The primary safety outcome was a composite of life-threatening, major, and critical organ bleeding. Major bleeding required a decrease in hemoglobin of at least 4 g/dL, transfusion of at least 3 units of red blood cells within a 24-hour period, or a procedure to stop the bleeding.
Findings. The original goal was to recruit 3,200 patients, but due to slow enrollment and loss of funding, the sample was reduced to 1,754 patients (877 in each group). Approximately 45% of each group stopped taking the study drug prematurely.
The primary effi cacy outcome occurred in signifi cantly fewer patients receiving dabigatran (97, 11%) than placebo (133, 15%, HR 0.72, 95% CI 0.55-0.93, P = .0115). The incidence of the primary safety outcome was similar in both groups: 3% with dabigatran and 4% with placebo (HR 0.92, 95% CI 0.55-1.53, P = .76). The only individual effi cacy outcome meeting statistical signifi cance was a lower rate of nonhemorrhagic stroke in the dabigatran group. Subgroup analyses showed a trend benefi ting patients randomized within 5 days of MINS or with a diagnosis of MI, although it was not statistically signifi cant.
Limitations. The effi cacy outcomes were expanded to include venous thromboembolism and others not directly related to MINS, raising questions about the conclusions. Further, as defi ned by the protocol, bleeding had to be fairly severe to be deemed major. The high number of patients who discontinued the study drug is another limitation of this study.
Conclusion. Dabigatran lowered the risk of major vascular complications with no signifi cant increase in major bleeding in patients with MINS.
What is the risk of thromboembolism in postoperative atrial fi brillation, and what are the benefi ts of anticoagulation?
Although nonvalvular atrial fi brillation is associated with increased risks of ischemic stroke and systemic embolic events in nonsurgical patients, the association of newonset postoperative atrial fi brillation with long-term thromboembolic events in the noncardiac surgical population is not well established. In this retrospective cohort study using a nationwide registry in Denmark, Butt et al 11 assessed the long-term risk of thromboembolic events in noncardiac surgical patients with new postoperative atrial fi brillation. Patients were identifi ed who had no previous history of atrial fi brillation and developed it after noncardiac, nonobstetric surgeries, and were matched in a 1:4 ratio with patients who developed nonvalvular atrial fi brillation during nonsurgical hospitalizations. Matching was based on age, sex, heart failure, hypertension, diabetes, known history of thromboembolic events, ischemic heart disease, and the year patients presented with new atrial fi brillation.
Patients were excluded if they received antiarrhythmic drugs or oral anticoagulants before hospitalization or surgery, had cancer in the year prior, or died in the hospital.
The primary outcome of the study was thromboembolic events-a composite of ischemic stroke, transient cerebral ischemia, and peripheral arterial thrombosis or embolism. Secondary outcomes included rehospitalization for atrial fi brillation and all-cause mortality.
Findings. Overall, 0.4% of patients developed new postoperative atrial fi brillation, of whom 3,380 were matched with 15,320 patients with nonvalvular atrial fi brillation. Over a median follow-up of 3.2 years, the risk of thromboembolic events was similar in both groups (31.7 and 29.9 per 1,000 person-years, HR 0.95, 95% CI 0.85-1.07). The groups did not differ in their CHA 2 DS 2 -VASc risk scores, HAS-BLED risk scores, or year in which patients were diagnosed.
Anticoagulation lowered the risk of thromboembolic events to a similar extent in both groups compared with no anticoagulation: • In postoperative atrial fi brillation-HR 0.57, 95% CI 0.40-0.67 • In nonvalvular atrial fi brillation-HR 0.56, 95% CI 0.51-0.62. Despite the similar reduction in thromboembolic events, only 24.4% of the postoperative atrial fi brillation patients were started on anticoagulation therapy within 30 days of discharge, compared with 41.5% of those with nonvalvular atrial fi brillation.
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Limitations.
Although this was a large study with excellent follow-up data, it was observational. It may have underestimated the number of patients who developed postoperative atrial fi brillation because episodes that were judged not to be clinically signifi cant may not have been charted. Many patients are not monitored with continuous telemetry postoperatively, which also may have led to underestimation of the number of atrial fi brillation events.
The study also did not examine the number of atrial fi brillation episodes per patient, the heart rhythm at discharge or long-term, or indication for and duration of anticoagulation. There were no data regarding international normalized ratio levels.
Conclusions. Postoperative atrial fi brillation is associated with outcomes similar to those of nonsurgical nonvalvular atrial fi brillation. Anticoagulation decreases the risks of stroke and death. However, substantially fewer patients with postoperative atrial fi brillation receive anticoagulation. Anticoagulation should be considered in these patients, while noting bleeding risk. 
